Introduction
Acute kidney injury (AKI) frequently complicates congestive heart failure (CHF), and the term type 1 cardio-renal syndrome (CRS type-1) is used to describe AKI occurring in the setting of acute CHF. 1, 2 Multiple factors contribute to AKI in this setting: low cardiac output, renal vasoconstriction, ventricular arrhythmias, cardiac arrest, over-diuresis, and nephrotoxins. [1] [2] [3] Although left ventricular assist devices may improve renal function in severe CHF, these devices have also been implicated in the development of AKI. 4 Request for simultaneous heart-kidney transplantation may come up in patients with severe CRS type-1 for these reasons (1) severe AKI, especially in those with preexisting kidney dysfunction, who are at higher risk for non-recovery of AKI 5 ; (2) outcomes in heart transplant recipients with kidney dysfunction are inferior compared to those with good renal function 6, 7 ; (3) listing for combined heart-kidney gives higher i n d i a n j o u r n a l o f t r a n s p l a n t a t i o n 9 ( 2 0 1 5 ) 1 0 9 -1 1 2 a r t i c l e i n f o 
a b s t r a c t
We report the case of a 23-year-old female who developed severe acute kidney injury (AKI) in the setting of recent onset congestive heart failure secondary to viral cardiomyopathy, cardiogenic shock unresponsive to placement of a biventricular assist device with continued requirement of multiple intravenous pressors, recurrent ventricular tachycardia/fibrillation, and rhabdomyolysis secondary to ischemic necrosis of left leg muscles. Daily slow, lowefficiency dialysis was instituted shortly after admission. Given the possibility of irreversible AKI and the inferior outcomes following heart transplantation alone in patients with perioperative renal dysfunction, she was listed for urgent combined heart-kidney transplantation. Dual transplantation was performed after 9 days of AKI and 7 days on dialysis.
Both organs functioned well soon after transplantation. One month post-transplant, recovery of native kidney function with nearly equal contribution to renal function by the native kidneys and the allograft was documented by radioisotopic renography. This case report highlights the difficulty in deciding which patients with severe AKI in the setting of acute heart failure may recover renal function with heart transplantation alone and the need for developing guidelines to help in choosing between heart versus heart-kidney transplantation in such patients.
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priority for organ allocation, compared to heart transplant alone. 8 This might motivate the cardiac transplant team to request dual transplantation in order to help a very ill patient. Requests for dual heart-kidney transplantation in this setting impose on the renal transplant team the problem of determining which of these patients may recover renal function with heart transplantation alone. We report such a case in which we recommended simultaneous heart-kidney transplantation because we thought that severe AKI was unlikely to recover. However, native kidney function did recover following heart-kidney transplantation. We review the decision-making problems in such patients and the need for developing guidelines to assist in choosing heart alone versus heart-kidney transplantation.
Case report
A 23-year-old, previously healthy female presented to an outside hospital with severe dyspnea following upper respiratory infection. Examination revealed severe CHF and episodic ventricular tachycardia, requiring ventilatory support, intravenous (IV) epinephrine, norepinephrine, procainamide, and amiodarone infusion. She was transferred to our institution with a diagnosis of acute viral cardiomyopathy. Echocardiogram revealed biventricular systolic dysfunction with ejection fraction of 10-15%. Emergent percutaneous implantation of a left ventricular assist device (Impella, Abiomed, Danvers, MA) did not improve her condition (procedure complicated by several episodes of ventricular fibrillation requiring multiple electrical cardioversions). This was followed by cardiopulmonary bypass and placement of a biventricular assist device (BVAD)-Centrimag (Thoratec, Pleasannton, CA). Postoperative hemorrhage necessitated reoperation: 3 L of blood were evacuated and red cell transfusions were given. Urine output was 40-50 mL/h with blood urea nitrogen (BUN) level of 1.79 mmol/L (5 mg/dL) and serum creatinine (SCr) level of 61.88 mmol/L (0.7 mg/dL) upon arrival. Thirty-six hours later, urine output was less than 10 mL/h, and BUN and SCr levels were increasing rapidly with severe rhabdomyolysis, shock liver, and coagulopathy. Severe CRS type-1 was diagnosed. Slow low efficiency dialysis (SLED) was begun on the second hospital day.
She developed ischemic necrosis of all muscles in the left leg and above-knee amputation was performed (complication of left femoral arterial puncture for left ventricular assist device).
She was listed for cardiac transplantation because of refractory cardiogenic shock and frequent episodes of ventricular fibrillation. The listing was changed to simultaneous heart-kidney transplantation in a joint decision by nephrology and cardiac transplant teams because of anuria, daily SLED requirement, and likelihood of poor outcome with heart transplantation alone with high risk of irreversible AKI due to multiple renal insults.
Heart-kidney transplantation was performed on the ninth day of hospitalization. Ejection fraction increased to 53% on the tenth post-transplant day with no further cardiac arrhythmias. Dialysis was not required post-transplant. SCr increased from 109.62 mmol/L (1.24 mg/dL) pre-transplant to Isotopic renography (after administration of 5.4 mCi IV of Tc-99m mercapto-acetyltriglycine [MAG-3]) was performed 1-month post-transplant because of the unexpectedly low post-transplant SCr levels (even allowing for left above knee amputation and muscle loss due to critical illness) suggesting possible recovery of the native kidneys. Renography (Figs. 1 and 2) revealed blood flow to the native and transplanted kidneys. Split function was 38% from the allograft and 62% from the native kidneys, confirming complete native kidney functional recovery (3 kidneys were now contributing nearly equally). She was discharged after 2 months in the hospital for inpatient rehabilitation. Cardiac status was normal and the SCr level was 29.17 mmol/L (0.33 mg/dL) at discharge. Key clinical events on various hospital days are shown in Table 1 .
Discussion
This patient had several kidney insults that suggested that AKI was likely to be irreversible: recurrent ventricular arrhythmias, refractory cardiogenic shock, massive hemorrhage after BVAD surgery, and myoglobinuria, all of which resulted in severe AKI with anuria requiring daily SLED. However, following factors favored renal recovery: young age, no past medical problems or renal dysfunction, and short duration of AKI and RRT (1 week). Balancing these factors, we thought that non-recovery from AKI after heart transplantation was more likely. We also wished to mitigate the adverse effects of perioperative renal failure on the outcome of heart transplantation [6] [7] in this very young patient. Our review of the literature showed that there was agreement that patients with severe CHF and chronic kidney disease with estimated-glomerular filtration rate <40 mL/min/ 1.73 m 2 were candidates for combined transplantation. 8 However, there were no available guidelines regarding dual transplantation in the setting of AKI/CRS type-1. We, therefore, made our recommendation for dual transplantation based on our clinical judgment. However, MAG-3 renography 1 month later confirmed recovery of native renal function.
In hindsight, kidney transplantation could have been avoided in this patient and the allograft used for another patient awaiting renal transplantation. In candidates with AKI who are being listed for heart transplantation, there may be an interest in listing them for dual transplantation for several reasons. In general, the outcomes are poor in heart transplant candidates if there is persistence of kidney dysfunction after the transplantation. In AKI patients who have only a partial recovery of kidney function after heart transplantation, there is also a concern for worsening when they are placed on calcineurin-inhibitors, accelerating progression to end-stage kidney disease. This often necessitates a second transplant with new antigenic challenge and intensification of immunosuppression, which is less favorable to the candidates. Another factor which might favor dual transplantation is the desire to afford higher organ allocation priority to critically ill patients. 9 Renal biopsy has been shown to provide useful diagnostic information to differentiate intrinsic renal disease from prerenal azotemia caused by hypoperfusion and may help guide the decision for heart alone versus combined heart and kidney transplantation. 10 Fig. 2 -Frame from isotopic renography (anterior view) one month post-transplant. Good uptake of isotope by the native kidneys and renal transplant is shown. It was calculated that the two native kidneys contributed 62% and the allograft accounted for 38% of the total renal function in the patient. However, the invasive nature of this procedure may make this less feasible in acutely ill patients such as ours.
This patient highlights the urgent need to develop guidelines for selecting candidates for heart transplantation with preoperative AKI for combined heart-kidney transplantation.
Members of the renal transplant team face a tough choice in this setting: helping the patient in question versus avoiding unnecessary dual transplantation and using the donor kidney for patients with end-stage kidney disease. Requirement of RRT for ≥4 weeks in younger patients or ≥2 weeks in older patients and/or those with AKI superimposed on preexisting renal dysfunction may be appropriate indications for dual transplantation.
